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Perioperative Blood Pressure Control in Hypertensive and Normotensive 
Patients Undergoing Off-pump Coronary Artery Bypass Grafting: 
Prospective Study of Current Anesthesia Practice
Aim To analyze blood pressure changes during intra- and immedi-
ate postoperative period in patients undergoing off-pump coronary 
artery bypass grafting.
Methods The study included 355 consecutive patients undergoing 
off-pump coronary artery bypass grafting between January 5, 2004 
and December 30, 2005. Out of these patients, 325 were allocated 
into groups with preoperative history of hypertension (n = 115) and 
without preoperative history of hypertension (n = 210). Systolic, 
diastolic, and mean arterial blood pressure was measured at the fol-
lowing four time points: on the day before surgery, before anesthesia 
induction, after the last graft, and on entry to intensive care unit.
Results Mean arterial pressure was significantly higher in patients 
with a history of hypertension on the day before surgery (97 vs 92 
mm Hg, P = 0.003, Mann-Whitney test) and before anesthesia in-
duction (107 vs 98 mm Hg; P = 0.003). It was higher at all mea-
suring points (after the last graft, 79 vs 78 mm Hg; and on entry 
to intensive care unit, 88 vs 86 mm Hg), but this difference was 
neither statistically nor clinically significant. The study showed that 
mean arterial pressure followed similar dynamics over time in both 
patient groups (P<0.001 both), with no significant time-dependent 
between-group differences.
Conclusion Current anesthesia techniques that include deep opi-
oid analgesia in combination with vasodilators provide a satisfactory 
control of intraoperative hypertension. Management of blood pres-
sure changes during intra- and immediate postoperative period in 
off-pump coronary artery bypass grafting patients with preoperative 
hypertension was no more difficult than in patients without preop-
erative hypertension.
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Monitoring of hemodynamic stability, especial-
ly blood pressure and heart rate during periop-
erative period, is an important consideration (1). 
During conventional open heart surgery, hyper-
tension can occur at almost any time, ie before, 
during, or after surgery, and is most commonly 
mediated by an increase in sympathetic tone.
Off-pump coronary artery bypass grafting is 
a procedure that may achieve better in-hospital 
outcome, including shorter length of stay (2,3). 
Hypertension associated with off-pump coro-
nary artery bypass grafting is typically not a re-
sult of dramatic increase in systemic vascular re-
sistance (4).
The reported incidence of perioperative hy-
pertension associated with conventional coro-
nary artery bypass grafting (CABG) ranges from 
30 to 80%, and this wide range may explain dif-
ferent definitions of the condition and preopera-
tive comorbid states (5).
To the best of our knowledge, there are no 
studies dealing with off-pump coronary artery 
bypass grafting. The aim of our study was to an-
alyze perioperative hypertensive response in pa-
tients undergoing off-pump coronary artery by-
pass grafting. We hypothesized that it was more 
difficult to control perioperative hypertension in 
these patients who had been preoperatively hy-
pertensive than in those who had not.
Patients and methods
Patients
The study took place at the Department of An-
esthesiology, Resuscitation, and Intensive Care, 
Dubrava University Hospital, Zagreb, between 
January 5, 2004 and December 30, 2005. Out 
of 923 consecutive cardiac surgery patients ad-
mitted to the department, 535 patients were un-
dergoing coronary artery bypass grafting. Out of 
them, 355 were undergoing off-pump coronary 
artery bypass grafting, and were eligible for the 
study. Of these, 30 patients met the exclusion cri-
teria and were excluded from the study, while the 
rest of 325 patients were allocated either into the 
group with preoperative history of hypertension 
(n = 115) or in the group with no preoperative 
history of hypertension (n = 210) (Figure 1). The 
diagnosis of hypertension was made by a cardiol-
ogist at least 3 months before surgery. The study 
was performed in compliance with the Helsinki 
Declaration. It received institutional ethical com-
mittee approval and all patients were informed 
about the trial and signed the informed consent.
The inclusion clinical criteria for the study 
were the following: Cardiac Anesthesia Risk 
Evaluation (CARE) score I or II (6), angio-
graphically verified coronary artery disease, and 
left ventricular ejection fraction greater or equal 
to 50%. There were 253 male and 67 female pa-
tients with the median (range) age of 60.5 (13.5) 
(Table 1). Exclusion criteria were heart disease 
other than coronary artery disease, atrioventricu-
lar conduction disturbances, and evidence of pre-
vious ventricular or atrial dysrhythmias requiring 
treatment. Patients receiving either antiarrhyth-
mic therapy or requiring inotropic support intra-
operatively were excluded from the study (n = 5).Figure 1. Flow diagram of patients throughout the study.
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Anesthesia
Patients received their cardiac medications on 
the morning of the surgery. Long-acting medica-
tions (calcium antagonists and angiotensin con-
verting enzyme inhibitors) were discontinued 
one day before surgery. All patients were premed-
icated with morphine at a dose of 0.1 mg/kg IM 
(Morphine Merck®, Merck KgaA, Darmstadt, 
Germany) an hour before surgery. Anesthesia 
was induced with midazolam (Dormicum®, F. 
Hoffman-La Roche Ltd, Basel, Switzerland) 0.1 
mg/kg IV, fentanyl (Fentanyl®, Janssen Pharma-
ceutica, Beerse, Belgium) 5-7 μg/kg IV, and pan-
curonium-bromide (Pavulon®, N.V. Organon, 
Oss, the Netherlands) 0.1 mg/kg IV. After en-
dotracheal intubation, the lungs were mechani-
cally ventilated using positive pressure (tidal vol-
ume 8 mL/kg, ventilatory frequency 12/min) 
(Cato, Dräger, Lübeck, Germany). Anesthesia 
was maintained with 40-60% nitrous-oxide/ox-
ygen mixture and sevoflurane (Sevorane®, Ab-
bott Laboratories S.A., Abbott Park, IL, USA) 
at the doses of 1-1.5 minimal alveolar concentra-
tion. Additional doses of pancuronium-bromide 
(0.1 mg/kg) and fentanyl (5 μg/kg) were admin-
istered as required to maintain neuromuscular 
blockade and analgesia during surgery. After in-
duction of anesthesia, infusion of 500 mL hy-
droxyethylstarch 6% solution (HAES-sterile 6% 
in saline 0.9%, Fresenius Kabi, Bad Homburg, 
Germany) was administered in all patients to op-
timize preload.
In addition to standard anesthesia nonin-
vasive monitoring, an arterial catheter (Arrow 
International, Reading, PA, USA) was insert-
ed into the left radial artery, and central venous 
catheter was placed into the right internal jugu-
lar vein and monitored (Hewlett Packard Viridia 
CMS, Böblingen, Germany).
Study design
We recorded patients’ demographic data (age, 
gender, weight, height), comorbidities (use of 
antihypertensive drugs, prior cerebrovascular 
events, myocardial infarction, diabetes mellitus), 
duration of surgery and anesthesia, number of 
bypass grafts performed, intensive care unit stay, 
coronary ischemic episode within first 8 postop-
erative hours, and duration of hospital stay. Fur-
thermore, we measured blood pressure on the 
following time points: on the day before surgery; 
Table 1. Patient demographics and perioperative data*
No. (%) of patients with
Variable history of hypertension (n = 208) no history of hypertension (n = 112) P†
Age (years, median interquartile range)  63 (10.3)  58 (17.8) 0.015‡
Weight (kg, median interquartile range)  81.5 (13.5)  83 (20.8) 0.764‡
Height (cm, median interquartile range) 172 (10.3) 174.5 (13.3) 0.176‡
Gender (M/F) 158/50  95/17 0.138
β-adrenoreceptor antagonists 176 (84.7)  92 (82.1) 0.460
Calcium channelblockers  84 (40.0)  24 (20.8) 0.016
ACE inhibitors 126 (60.5)  52 (46.4) 0.070
Nitrates 125 (60.1)  49 (43.7) 0.057
Diuretics  62 (29.8)  13 (11.6) 0.009
Angiotensin II antagonists  23 (11.1)   6 (5.4) 0.216
Cerebrovascular event   6 (2.9)   4 (3.6) 0.743
Myocardial infarction 106 (50.9)  61 (54.4) 0.846
Diabetes mellitus  80 (38.5)  19 (16.9) 0.030
Duration of surgery (minute, median interquartile range) 180 (60.0) 155 (60.0) 0.009‡
Number of grafts   3 (1.8)   3 (1.5) 0.591‡
Duration of anesthesia (minute, median interquartile range) 240 (70.00) 220 (60.0) 0.043‡
ICU stay (days, median interquartile range)   3 (1.3)   3 (1.0) 0.133‡
Hospital stay (days, median interquartile range)   2 (4.0)  12 (4.0) 0.959‡
Nitrates during surgery 189 (90.8)  88 (78.6) 0.047
Ischemia within first eight hours in ICU   8 (3.8)   6 (5.4) 0.694
*Abbreviations: ACE – angiotensin converting enzyme inhibitors; ICU – intensive care unit.
†Comparison between groups, Fisher exact test.
‡Comparison between groups, Mann-Whitney test.
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before anesthesia induction; after the last by-
pass graft was sutured; and immediately on en-
try to the intensive care unit. The systolic (SBP) 
and diastolic blood pressure (DBP) on the day 
before operation was measured by sphygmoma-
nometer. Intraoperative pressures were measured 
invasively by indwelling arterial catheter, as pre-
viously described. Mean arterial pressure was ob-
tained from the measured values using the classic 
formula:
MAP = (SBP+2 × DBP)/3
All blood pressure values were expressed in 
mmHg. Perioperative hypertension was defined 
as mean arterial pressure ≥110 mm Hg (7). In-
traoperative administration of nitroglycerin de-
pended solely on the decision of the anesthesiol-
ogist in charge.
Statistical analysis
Numerical data were expressed as median and in-
terquartile range. Qualitative data were expressed 
as frequencies. We used Mann-Whitney test to 
assess differences between the two groups and 
Friedman test to compare parameters measured 
at different time points within each group. Qual-
itative data were compared by Fisher exact test. 
Wilcoxon signed rank test was used to assess the 
differences in time-dependent variable pairs be-
tween the two groups.
We used Mann-Whitney test to determine 
the time-dependent differences between the 
groups in mean arterial pressure values (ΔMAP): 
difference between the day before surgery and be-
fore anesthesia induction; the difference between 
the day before surgery and after the last graft; and 
the difference between the day before surgery 
and entry to the intensive care unit. Friedman 
test was used to assess the dynamics of individual 
differences in mean arterial pressure values with-
in each group. All statistical values were consid-
ered significant at P<0.05. For data analysis, the 
SAS System for Windows Release 8.02 software 
(SAS Institute Inc., Cary, NC, USA) was used.
Results
The number of male and female patients, pre-
operative antihypertensive medication except 
for calcium channel blockers and diuretics, 
and prevalence of history of cerebrovascular 
events and myocardial infarction were com-
parable in the two groups. There was no be-
tween-group difference in the number of 
grafts, incidence of ischemic episodes dur-
ing the first 8 postoperative hours, and inten-
sive care unit and hospital stay. The duration 
of surgery and anesthesia was longer in the hy-
pertension group (P = 0.009 and P = 0.043, re-
spectively), and so was the intraoperative use of 
nitrates (P = 0.047) (Table 1).
Systolic and diastolic blood pressure record-
ed on the day before surgery (P = 0.001 and 
P = 0.047) and before induction (P = 0.015 and 
P = 0.027) was higher in patients with hyper-
tension than in those without hypertension. 
There was no between-group difference in sys-
tolic blood pressure and diastolic blood pres-
sure immediately after the last graft and on entry 
to the intensive care unit (Table 2). In patients 
with hypertension, higher mean arterial pressure 
was recorded on the day before surgery and be-
fore anesthesia induction (P = 0.003 for both). 
There were significant differences in mean ar-
terial pressure within each group (P<0.001 for 
all) (Table 3). On the day before surgery, 14 pa-
tients had mean arterial pressure ≥110 mm Hg 
Table 2. Systolic (SBP) and diastolic (DBP) arterial blood pres-
sures recorded during perioperative period*
Median (interquartile range) in patients with
Variable
(mmHg)
history of hypertension 
(n = 208)
no history of hypertension 
(n = 112) P†
SBP1 130 (20.00) 120 (18.75) 0.001
DBP1  80 (15.00)  75 (10.00) 0.047
SBP2 160 (41.25) 140 (32.50) 0.015
DBP2  80 (15.00)  80 (12.00) 0.027
SBP3 110 (10.00) 110 (12.50) 0.489
DBP3  60 (10.00)  60 (5.00) 0.184
SBP4 120 (20.00) 125 (25.00) 0.677
DBP4  70 (20.00)  70 (20.00) 0.373
*Abbreviations: SBP1, DBP1 – day before surgery; SBP2, DBP2 – before anesthesia 
induction; SBP3, DBP3 – after last bypass; SBP4, DBP4 – on entry to intensive care 
unit.
†Comparison between groups, Mann-Whitney test.
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(11 patients with a history of hypertension and 
3 patients with no history of hypertension). Be-
fore anesthesia induction, 38 patients had mean 
arterial pressure ≥110 mm Hg (33 patients with 
a history of hypertension and 5 patients with no 
history of hypertension). At the last bypass graft 
none of the patients from either group had mean 
arterial pressure ≥110 mm Hg. Only 4 patients 
had mean arterial pressure ≥110 mm Hg at entry 
into the intensive care unit (3 patients with a his-
tory of hypertension and 1 patient with no his-
tory of hypertension). The dynamics of mean ar-
terial pressure showed a similar pattern over time 
in both groups of patients (P<0.001 for both), 
with no significant time-dependent between-
group differences (Table 4).
Discussion
Our study showed that systolic blood pressure 
and diastolic blood pressure recorded on the day 
before surgery and before anesthesia induction 
were higher in patients with hypertension. The 
management of elevated blood pressure was sat-
isfactory in both patient groups, as systolic and 
diastolic blood pressures were similar immedi-
ately after the last graft and on entry to the in-
tensive care unit. Mean arterial pressure values 
were higher in patients with hypertension on 
the day before surgery and before anesthesia in-
duction but not immediately after the last graft 
and on entry to intensive care unit. Our study re-
vealed that the dynamics of mean arterial pres-
sure showed a similar pattern over time in both 
groups, with no significant time-dependent be-
tween-group differences. It should be noted that 
the higher mean arterial pressure before surgery 
had no adverse impact on the surgery outcome.
Perioperative hypertension may be related to 
either the underlying comorbidity or to the surgi-
cal procedure. There are many studies addressing 
perioperative management of hypertension (8-
11). Most studies take systolic blood pressure as 
an indicator of postoperative hypertension with 
a varying the threshold level (12), whereas other 
studies take diastolic blood pressure (13). Alter-
natively, a 20% or greater increase above the pre-
operative level has been adopted in either systolic 
or diastolic blood pressure (7). We also recorded 
mean arterial pressure to make a direct compar-
ison with literature data on perioperative hyper-
tension in patients undergoing CABG. Our pri-
mary goal was to observe mean arterial pressure 
during intra- and immediate postoperative peri-
od in OPCABG patients with and without pre-
operative hypertension. The mean arterial pres-
sure ≥110 mm Hg was set as the criterion for 
perioperative hypertension (7).
Patients with uncontrolled essential hyper-
tension show marked blood pressure reactivity 
to perioperative stressors (14). It is believed that 
effective treatment of hypertension normalizes 
vascular reactivity (15). Patients with adequately 
treated hypertension are expected to exert a sim-
ilar hemodynamic response to stressors as nor-
motensive individuals. In our study, 14 patients 
Table 3. Mean (MAP) arterial blood pressure recorded during 
perioperative period*





no history of hypertension
(n = 112) P†
MAP1  97 (13.33) 92 (16.25) 0.003
MAP2 107 (20.00) 98 (14.08) 0.003
MAP3  79 (7.08) 78 (7.91) 0.226
MAP4  88 (16.66) 86 (18.33) 0.400
P‡   <0.001  <0.001
*Abbreviations: MAP1 – day before surgery; MAP2 – before anesthesia induction; 
MAP3 – after last bypass; MAP4 – on entry to intensive care unit.
†Comparison between groups, Mann-Whitney test.
‡Comparison within each group, Friedman test.
Table 4. Time-dependent differences of mean (ΔMAP) arterial 
blood pressures recorded during perioperative period*





no history of hypertension
(n = 112) P†
ΔMAP1-2  -6.67 (23.33)  -3.67 (23.33) 0.311
ΔMAP1-3 16.66 (16.67) 12.50 (16.25) 0.100
ΔMAP1-4 10.00 (23.75)  6.67 (20.00) 0.347
P‡   <0.001   <0.001
*Abbreviations: ΔMAP1-2 – difference in mean arterial pressure between day before 
surgery and before anesthesia induction; ΔMAP1-3 – difference in mean arterial 
pressure between day before surgery and after last bypass; ΔMAP1-4 – difference in 
mean arterial pressure between day before surgery and entry to intensive care unit.
†Comparison between groups, Mann-Whitney test.
‡Comparison within each group, Friedman test.
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had mean arterial pressure ≥110 mm Hg on the 
day before surgery. Three of these patients were 
proclaimed normotensive preoperatively. Fur-
ther analysis showed that 38 patients had mean 
arterial pressure ≥110 mm Hg before anesthe-
sia induction (33 patients with a history of hy-
pertension and 5 patients with no history of hy-
pertension). The possible explanation for these 
results may be inadequate premedication. Our 
patients are routinely premedicated only with 
morphine at a dose of 0.1 mg/kg IM one hour 
before transfer to the operative room. The idea of 
using antihypertensive agents on the morning of 
surgery is not novel at all, but current long-acting 
medications may exert significant effect on intra-
operative and postoperative physiology (4). Our 
practice of not using antihypertensive agents, ex-
cept beta-adrenergic antagonists, on the morning 
of surgery can be explained by the fact that there 
is no consensus regarding appropriate agents for 
most of patients.
The most common currently used method to 
reduce intraoperative blood pressure is to deepen 
anesthesia, usually in combination with vasodila-
tors and beta-adrenergic antagonists (7). In our 
study, at the point of last bypass graft, none of 
the patients from either group had mean arteri-
al pressure ≥110 mm Hg and only 4 patients had 
mean arterial pressure ≥110 mm Hg at entry into 
the intensive care unit (3 patients with a history 
of hypertension and 1 patient with no history of 
hypertension). These data showed that patients 
with a history of hypertension required more va-
sodilators, because the usage of nitroglycerin de-
pended solely on the assessment of the anesthe-
siologist in charge. The study design prevents us 
from drawing further conclusions but blinding 
the responsible anesthesiologists to the patients' 
medical history regarding hypertension would be 
ethically unacceptable.
The study showed that our preoperative man-
agement of hypertension was far from ideal. Ide-
ally, all hypertensive patients should be treated 
preoperatively (15). However, this problem is 
out of anesthesiologists’ control. First, some pa-
tients are not compliant enough for drug ther-
apy. Second, it should not be neglected that the 
policy of initiating long term treatment of hy-
pertension in all untreated hypertensive patients 
may cause a considerable number of cancellations 
which are highly unpopular among surgeons and 
patients.
In conclusion, our data showed that deep an-
esthesia with adequate opioid analgesia in com-
bination with vasodilators provided satisfactory 
control of intraoperative hypertension.
It was no more difficult to control blood 
pressure changes during intra- and immediate 
postoperative period in OPCABG patients with 
preoperative history of hypertension than in pa-
tients with no history of hypertension.
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